Firms'systematic risk falls (increases) sharply following investment (disinvestment). This risk dynamics is driven by real investment and not by changes in …rm characteristics and is strongest among …rms with valuable investment opportunities, highly irreversible investment and low operating leverage. Consistent with rational pricing, …rms with poor investment opportunities, those most likely to be overinvesting, experience an increase in average returns and systematic risk following investment. For …rms exercising valuable growth options the bulk of the negative investment (asset growth)-future returns relationship stems from di¤er-ences in risk factor loadings between high and low investing …rms.
Introduction
Recent empirical work …nds a strong negative relation between real investment (and asset growth) and future stock returns. Anderson and Garcia-Feijoo (2006) …nd that growth in capital expenditures captures the cross-section of average stock returns and explains the return to portfolios. Xing (2006) …nds that in the cross-section, portfolios of …rms with low investment growth rates or low investment to capital ratios have signi…cantly higher average returns than those with high investment growth rates or high investment to capital ratios. Cooper, Gulen and Schill (2007) show that …rms' asset growth is an important predictor of average stock returns. Speci…cally, high asset growth …rms earn substantially lower average returns than low asset growth …rms.
There are several possible explanations for these empirical …ndings that rely on either a rational optimizing agent theory, or a behavioral model that assumes some form of mispricing.
Berk, Green and Naik (1999) and Gomes, Kogan and Zhang (2003) present real options models and show that the level of investment increases with the availability of low risk projects.
Consequently, in their models investing in these projects reduces expected returns because the …rm's systematic risk is the average of the systematic risk of its assets in place. The real options model of Carlson, Fisher and Giammarino (2006) predicts that …rms undertaking investment projects experience a fall in their systematic risk. Intuitively, …rms undertaking real investment are exercising risky real options and therefore their systematic risk declines upon investment.
Li, Livdan and and Liu, Whited and Zhang (2007) show that the neoclassical q theory of investment predicts a negative relationship between investment and future returns.
The intuition behind this result is that …rms will invest when their cost of capital is low. Thus, a fall in …rms' discount rates will trigger real investment and will be followed by low average returns.
Behavioral based explanations for the negative investment-future returns relationship are based on investor overreaction, management overinvestment and market timing. Titman Wei and Xie (2004) …nd that …rms that substantially increase capital investments subsequently achieve negative abnormal returns. They …nd that this relation is strongest for …rms with high cash ‡ows and low debt ratios and argue that investors are slow to react to overinvestment by empire building managers, and that the negative investment-future returns relationship re ‡ects the slow reaction of investors to the overinvestment. Cooper, Gulen and Schill (2007) …nd that asset growth rates are a strong predictor of future abnormal stock returns. Cooper, Gulen and Schill argue that their …ndings suggest that investors overreact to asset growth and that the negative returns after investment are a correction of the overreaction. Finally, …rms might be timing the market and invest when their stocks are overpriced (see Stein (1996) , Baker, Stein and Wurgler (2002) and Lamont and Stein (2006) ).
While the …nding that …rms undertaking capital investment subsequently experience abnormally low returns suggests that stock mispricing accounts for some of the observed negative investment-future return relationship, we show that, particularly for …rms with valuable growth options, the bulk of this relationship is explained by di¤erences in …rms'loadings with respect to risk factors. Moreover, through examining the dynamics of systematic risk around investment and disinvestment we directly test the real options models' explanation for the negative investment-future retunrs relationship.
The contribution of our paper is as follows. First, we show that for …rms exercising valuable growth options the negative investment (and asset growth)-future returns relationship is largely accounted for by di¤erences is risk factor loadings between high investing and low investing …rms.
Thus, only for …rms investing in spite of poor investment opportunities mispricing is potentially an important factor. Importantly, …rms with good investment opportunities invest substantially more than …rms with poor investment opportunities. For example, the investment of all …rms in the top 20% IK and top 20% of Tobin's q is, on average, $ 8.37 billion per year, whereas the investment of low q …rms (in the bottom 20%) and high investment (in the top 20% of IK) is, on average, $ 1.54 billion. That is, approximately 84% of the investment of all …rms in the top IK group is investment of …rms with good growth options, for which the bulk of the average return decline following investment is explained by a decline in systematic risk. Thus the predictions of the q-theory and real options models explain the of stock market reaction to the bulk of real investment. In terms of market value, the average market value of high investment and good growth opportunities …rms is nearly 10 times larger (before the investment) than the market value of …rms with high investment and poor growth opportunities.
Second, we provide a direct test of the real options risk based explanation for the negative investment-future return relationship. As opposed to focusing on average stock returns after investment, our paper focuses explicitly on risk dynamics before and after investment, where risk is captured by the loadings with respect to the three Fama and French (1993) factors and the momentum factor (Carhart, 1997) . It is possible to di¤erentiate between the competing explanations because while risk based real options models and the q-theory predict that the negative average returns after investment is a result of a fall in systematic risk, behavioral explanations do not predict that systematic risk changes, in either direction, following investment or disinvestment. Therefore, our methodology allows us to distinguish between the various explanations for the negative investment-future returns relation. Consequently, our paper is complementary to other studies of the investment-future negative return relationship in that it provides evidence on the risk dynamics of …rms around investment periods.
Third, we contribute to the debate as to whether the three Fama and French (1993) common factors and the momentum factor (Carhart, 1997) proxy for omitted state variables or are a re ‡ection of market ine¢ ciency. If …rms'loadings with respect to these factors represent systematic risk, then real options models have clear predictions concerning their dynamics in periods surrounding real investment and disinvestment. Speci…cally, optimal investment behavior implies that a …rm's loadings with respect to risk factors decline following large investment and increase following disinvestment. Thus, our paper provides new evidence about the e¢ ciency of …nancial markets.
Our …ndings can be summarized as follows. First, following large capital investment, …rms' risk factor loadings decline substantially relative to the pre-investment period. For example, when we consider …rms that are in the top quintile in terms of their investment to capital ratio, the change in the factor loadings pre-and post-investment implies a fall in expected excess returns of 4.08% in the year following investment relative to the pre-investment year. In contrast, …rms in the bottom quintile of investment rate record a substantial increase in annual expected excess returns of 2.71% due to changes in factor loadings pre-and post-investment.
Importantly, we …nd that these changes in expected returns are not merely a re ‡ection of changes in …rm characteristics. The bulk of the fall in expected returns is through a decline in the loadings with respect to the momentum factor, and to a somewhat lesser extent, to a decline in the loadings with respect to the HML and SMB factors. Notably, high investment …rms experience high realized returns in the year prior to investment. Although the loadings with respect to the momentum factor decline for all winners in the …rst two years after portfolio formation, that decline is increasing substantially with investment. That is, controlling for average returns in years t 1 and t, where t is the year in which we measure investment, the decline in the loadings with the momentum factor from year t 1 to year t + 1 is strongly increasing with investment in year t. Thus, the decline in the momentum factor loadings of high investment …rms is not simply a re ‡ection of a decline in the momentum factor loadings for all winners after portfolio formation. This result is consistent with the momentum factor being a risk factor that represents growth opportunities risk.
The average book-to-market pre-and post-investment of the …rms in the top investment to capital quintile is very similar. Thus, the fall in the loadings with respect to HML is not merely due a change in the book-to-market characteristic. We also …nd that the decline in expected returns following investment is not due to a fall in …nancial leverage since there is little change in …nancial leverage upon investment. 1 Thus, it appears that the risk dynamics we …nd is due to the exercise of growth options rather than due to a change in capital structure.
The increase in expected returns for the bottom quintile investment can be traced to the dynamics of a …rm's loadings with respect to risk factors for …rms who disinvest. In particular, if we take the bottom quintile of …rms and separate out …rms who disinvest we observe a substantial increase in expected returns following capital disinvestment. While the real options models mentioned above do not explicitly address disinvestment options, the intuition from the e¤ect of growth options on risk carries over to disinvestment options in a straightforward manner; the option to disinvest is a real put option which reduces the …rm's systematic risk. In response to adverse shocks, and in particular aggregate shocks, this option's 'moneyness'increases. This increase in the value of the real option o¤sets the negative e¤ect of the adverse aggregate shock. Therefore, after exercising this option the …rm's risk increases. Our …ndings are remarkably consistent with this prediction. In the year after a …rm disinvests expected returns increase by 2.09% when portfolios are equal weighted and by 3.68% for value-weighted portfolios.
Second, we provide in-depth analysis of the investment-return relationship by splitting …rms according to their Tobin's q (q) prior to investment, where q serves as a measure for growth opportunities. 2 The rationale for this is that a …rm that invests when its q is high is exercising a valuable (and risky) growth opportunity. Alternatively, a fall in the …rm's discount rate implies a fall in expected returns and is re ‡ected in high Tobin's q. Thus, real options models and the q-theory predict that the risk and expected return of such a …rm declines most following investment. In contrast, a …rm that invests despite poor investment opportunities (low q), is potentially overinvesting. For such a …rm the real options models predict no decline in risk because they are not exercising risky growth options, and perhaps even an increase in risk (as operating leverage increases). Consequently, real options models predict no fall, and perhaps even a rise in average returns, risk and expected returns following the investment of …rms with poor growth opportunities. Conditioning the sample on the level of q provides an important means of testing the competing explanations of the investment future return relationship since low q …rms who invest are likely to be overinvesting and according to the rational risk based explanations should experience no change or even an increase in expected returns. Conversely, according to the behavioral explanations based on management overinvestment (e.g. Titman, Wei and Xie (2004)), these …rms should be the ones with the largest fall in average returns around investment and there should be no change in risk and expected returns. Furthermore, if the investment-future return relationship is due to investor overreaction to capital investment we would expect the relationship to be the same irrespective of the …rm's q: We …nd that …rms with a low q but large investment experience an increase in average raw returns, rather than decrease which is clearly at odds with the slow reaction of investors to management overinvestment and inconsistent with the notion that irrational investors overreact to capital investment per se.
When we examine the dynamics of systematic risk around large investments for high and low q …rms we uncover some interesting …ndings. We …nd that the high q …rms experience the sharpest decline in both average returns and risk. The expected return on equally weighted portfolio implied by their loadings with respect to the four factors declines by 6.75% between the pre and post investment period (the decline is still sharp for value weighted portfolios: 5.21%). This is considerably greater than the fall in expected returns for all …rms and exactly as would be predicted by the real options models given that …rms with a high q have more valuable growth options than all …rms in general who make a large investment. In addition, in contrast to the …rms with a high q, the expected returns of …rms that have made a large investment and have a low q increase by approximately 1%. These …ndings suggest that there is a strong role for changes in systematic risk and expected returns around investment spikes in terms of explaining the relationship between investment and future returns.
Third, because real options models assume that investment is irreversible, at least partially, we follow Cooper, Gerard and Wu (2007) and construct a measure for the degree of investment irreversibility based on the average volatility of the sales to capital ratio of all …rms within an industry. The rationale in using the volatility of the sales to capital ratio as a measure for the degree of investment irreversibility is that in the absence of irreversibility (and adjustment costs) of investment …rms will continuously adjust their capital stock in response to shocks, and their sales to capital ratio will be relatively smooth. Therefore, we would expect the fall in risk and expected returns to be increasing in the level of investment irreversibility. Consistent with the real options models'prediction, we …nd that as the degree of irreversibility increases, risk and expected returns drop substantially more following large investments.
Fourth, as the ratio of …xed production costs (measured as the constant in a regression of costs of goods sold on sales) to total production costs declines, risk and expected returns should drop by more following investment. This result can be explained as follows. If …xed production costs are high relative to total production costs, so is operating leverage. If these …xed costs are proportional to the stock of capital (e.g. due to necessary maintenance costs) then capital investment leads to an increase in operating leverage, which increases the …rm's riskiness and o¤sets the reduction in risk brought about by the exercise of the risky growth options. Therefore, we would expect …rms with high operating leverage to experience a smaller fall in factor loadings and expected returns as compared to …rm with low operating leverage after large investment.
The results show that this is indeed the case.
Fifth, we consider a number of robustness tests of our model. We examine longer run risk dynamics by considering up to four years before and four years after the investment but …nd that most of the dynamics takes place in the year before and after the investment. We examine asset growth as an alternative measures of …rm investment and …nd that the results are robust.
We also consider an alternative measure of investment opportunities, namely sales growth, that avoids the use of market value, which could be in ‡uenced by mispricing. Our results are also robust to this consideration.
Finally, applying the methodology of Lewellen (1999) and using industry portfolios, we perform conditional factor loadings tests, where the conditioning variable is IK. We …nd that IK strongly explains time variation in industries'loadings with respect to risk factors. Speci…cally, investment is a particularly strong predictor of the loadings with respect to the momentum factor and the HML factor; when investment is high, the subsequent loadings are low, consistent with the predictions of real options models and the q-theory. (2002)). This is consistent with the pecking order theory of Myers (1984) and Myers and Majluf (1984) . Moreover, overinvestment, which is a cause of the investment future return relationship according to behavioral models (e.g. Titman, Wei and Xie (2004)), is more likely among …rms with poor investment opportunities. SEO …rms are less likely to be overinvesting because their investment is …nanced by the market and is therefore subject to underwriter and analyst screenings. Thus, to rule out slow market reaction to overinvestment as a cause for the investment future return relationship, a broader sample is required. We …nd that the average returns of …rms investing despite their poor investment opportunities increases, rather then declines, implying that the negative investment future returns relationship is most likely due to the exercise of growth options. Thus, our paper is complementary to that of Carlson, Fisher and Giammarino (2007) . Second, in our paper risk is captured by the loadings with respect to the three Fama and French (1993) factors and the momentum factors, whereas in Carlson, Fisher and Giammarino (2007) risk is captured by market beta alone. For our wider cross section of …rms we …nd no change in market betas around large investment. Third, we also examine disinvesting …rms and thus provide additional important evidence in support of the real option models'and the q-theory predictions. Fourth, we examine the e¤ects of di¤erent levels of investment opportunities, investment irreversibility, a crucial feature in generating growth options and operating leverage on risk dynamics. Fifth, we present conditional loadings results for industry portfolios.
Our empirical …ndings that the loadings on risk factors fall and, consequently, expected returns fall around investment spikes provides evidence in favor of a rational, risk based, explanations of the investment-negative future return relationship and are somewhat at odds with the behavioral based overinvestment or overreaction explanations where the investment return relationship is due to mispricing and is silent on risk dynamics. However, our tests do not completely rule out mispricing explanations. Instead, our tests show that most of the negative investment-future returns relationship is accounted for by risk dynamics. The rest of the paper is organized as follows. Section 2 describes the data and variable construction. Section 3 provides the empirical results. In Section 4 we consider a number of robustness exercises, and Section 5 concludes.
Data and Variable Construction
We use all NYSE, AMEX and NASDAQ non…nancial …rms (excluding …rms in regulated industries (with 4-digit SIC codes between 4000 and 4999) and …nancial …rms (with SIC codes between 6000 and 6999)) listed on the CRSP monthly stock return …les and the COMPUSTAT annual industrial …rms …le from 1961 through to 2005. Only …rms with ordinary common equity (security type 10 or 11 in CRSP) are used in constructing the sample. To reduce survivorship bias …rms are not included in the sample until they are on the COMPUSTAT database for 3 years. A further requirement to be included in the sample is that a …rm has 36 months of stock return data. These requirements reduce the in ‡uence of small …rms in the initial stages of their development.
Following the conventions in Fama and French (1992) stock returns from July of year t to June of year t + 1 are matched with accounting information from the …scal year ending in calendar year t 1 in COMPUSTAT. For accounting ratios that are scaled by price or market value, we use price or market value from December of year t 1.
Three methods for calculating measures for capital investment are considered. Our primary measure for investment is the investment to capital ratio (which we term IK). IK is the ratio of investment in year t to the capital stock in year t 1, where investment is item 128 in COMPUSTAT (capital expenditures) and capital is data item 8 in COMPUSTAT (property, plant and equipment). Our second measure for capital investment is total assets growth, denoted AG, (where assets in item 6 in COMPUSTAT). We employ this measure of …rm growth following the …nding in Cooper, Gulen and Schill (2007) that asset growth captures the cross-section of average US stock returns. Finally we consider a measure of investment spikes …rst used by Cooper (2002) . This measure which we denote SP K captures investment spikes and is motivated by the study of Doms and Dunne (1998) who show that, probably due to …xed costs of capital adjustment, plants' and …rms' investment is lumpy in nature. That is, periods of relative investment inaction are interrupted by investment spikes. SP K is aimed at capturing unusually large investment and is de…ned as
where I is the …rm's capital expenditures (item 128 in COMPUSTAT) and K is net property, plant and equipment (item 8 in COMPUSTAT).
Our main empirical results will use IK as the measure of investment. However, a set of robustness tests show that the empirical results are are very similar whichever measure is em- Table 1 reports some key characteristics of a portfolio that includes the …rms in the top quintile of investment (high IK) and a portfolio of …rms in the lowest quintile of investment (low IK). The average monthly return on the portfolio that includes the …rms with a high investment spike in the one year before the investment (pre-spike) is 3.24% with a standard deviation of 6.92%. The average market value of …rms in that portfolio is $582 million with an average book-to-market (BM) ratio of 0.71. In the year after the investment (post-spike) the average return falls substantially to 1.16% with a standard deviation of 6.77%. Following investment the average market value increases to $891 million and the book to market ratio remains at 0.71.
The …nal two rows of Panel A report the same summary statistics but for …rms in the bottom quintile of investment, which includes, among other …rms, …rms that have negative investment (that is, their net stock of capital declines). In this case we see a large increase in average returns after investment. Average monthly returns increase from 0% to 1.69%. Later, in the empirical results section, we are able to show that this increase in average returns is largely driven by …rms that disinvest and as such is consistent with these …rms exercising a put option. Firms in this low quintile tend to be smaller and have higher book to market ratios than …rms in the high investment quintile.
If the negative relationship between investment and future returns is driven by irrational mispricing, as been argued in the literature, then the relationship should exist irrespective of a …rm's investment opportunities. Conversely, if the negative relationship is due to a reduction in systematic risk due to the investment converting risky real options into assets in place or due to discount rate shocks, then we would expect that …rms in the high investment quintile that have the greatest investment opportunities should have a larger fall in return in the future than …rms in the high investment quintile that have the lowest investment opportunities. This is because the real options of …rms with high investment opportunities have a higher value and hence are riskier or because a fall in their discount rates increases the NPV of projects these …rms are considering, whereas high investment …rms that have poor investment opportunities might be overinvesting and have a negative value of investment opportunities (negative present value of growth opportunities).
To get an initial feel for the potential for rational and irrational based explanations to explain the negative relationship between investment and future returns, panel B of Table 1 presents summary statistics for …rms that are in the high spike quintile but also conditions them on their level of q, where q serves as a measure for growth opportunities: 3 Firms that have a high q have a larger fall in average returns between pre-spike and post-spike than all …rms considered in panel A; the fall in average returns for all …rms is 2.08% (see Panel A) and 3.83% for …rms investing when they have good investment opportunities (in panel B), almost 100% greater. High q …rms tend to be bigger and have lower book-to-market ratios when compared to all …rms in panel A.
For …rms with a high investment and low q, as reported in the …nal two rows of panel B, we actually …nd an increase in average returns between pre-investment and post-investment.
That is, for …rms with a low q there is a positive relationship between investment and future returns as opposed to a negative relationship when considering all …rms or high q …rms. This is the …rst piece of evidence that the investment-future return relationship is driven by rational as opposed to behavioral factor: …rst, if investors overreact to capital investment it is unlikely that they discriminate between …rms with high or low q: Second, low q …rms are more likely to be overinvesting than high q …rms and therefore if, as argued by Titman, Wei and Xie (2004), the negative investment-return relationship is due to management overinvestment then we would expected the negative relationship to be stronger for …rms that are more likely to be overinvesting, that is, low q …rms. 4 However, this is exactly the opposite of what we …nd when examining actual returns. The empirical analysis that we undertake in the subsequent sections of the paper aims to assess whether these patterns in actual returns pre-spike and post-spike are driven by dynamics in risk factors loadings and expected returns.
Empirical Results
According to the rational, risk based explanation for the negative relationship between investment and future returns, the lower future returns are due to a reduction in the systematic risk of the …rm post investment. Therefore, in order to allow for the possibility that loadings on risk factors change pre and post high investment we need to specify an asset pricing model that captures systematic risk. To this end we use the Fama and French (1993) three factor model plus a momentum factor (Carhart (1997)):
where r p;t is the excess return on portfolio p; rm t is the excess return on the aggregate stock market portfolio, smb t is the return on a portfolio that is the di¤erence between the returns in small and large stocks, hml t is the return on a portfolio of high minus low book-to-market stocks, wml t is a portfolio of winner minus loser stocks, and u p;t is an error term.
There is a growing body of theoretical predictions and empirical evidence that these four factors proxy for the underlying systematic risk factors in the economy. For example, smb has been related to …nancial distress (see, for example, Chan and Chen (1991) and Fama and French (1) pre and post investment spikes. In addition, we calculate expected returns on the portfolios pre and post investment. In order to do this we need to multiply the factor loadings by the premium on each of these factors. The annual premia are 5.54%, 3.42%, 5.28% and 10.82% for the erm; smb; hml; and wml factors respectively.
As has been extensively documented, there is a large spread in average returns between the portfolio of high investment …rms and low investment …rms. Optimal investment behavior implies that …rms undertake investment projects when they have valuable growth opportunities, as re ‡ected by a high Tobin's q. Thus, if the q-theory of investment and real options models explain part of the negative investment-future returns relationship, then the average return spread between high investment and high q …rms and low investment …rms should be largely accounted for by expected return spread. Thus, before examining risk dynamics around periods of high and low investment, we …rst examine whether the fraction of the average returns spread explained by expected return spread between high and low investment portfolios is higher for high investment and high q …rms, as real options models and the q-theory predict.
The Negative Investment-Future Returns and the Exercise of Growth Options
Rational-based models that tie …rm investment to expected returns assume optimal investment behavior. That is, …rms will invest only when they have valuable growth options. Alternatively, discount rate shocks will trigger investment. In either case …rms will invest optimally when their Tobin's q is high and investment will be followed by low systematic risk and low expected returns. The bahavioral explanations for the negative investment-future returns relationship do not link that relationship to growth options. Thus, if the rational-based explanations account for some of the negative investment-future returns relationship, then we expect that the fraction of the average returns spread explained by expected returns spread is larger when the spread is between low investment …rms and high investment and high q …rms than when the spread is between low investment and high investment but low q …rms.
To test this conjecture, we sort the portfolio of …rms in the top 20% of IK in year t 1 into 10 portfolios based on their Tobin's q in year t 1. We then examine the di¤erence between the average returns and expected returns of these portfolios, and the average and expected returns of the portfolio of …rms with the lowest 20% IK in year t 1; respectively. We expect that for high q …rms a larger fraction of the fall in average retunrs will be attributed to a fall in expected returns. Tobin's q. The fourth and …fth columns show the di¤erence between the portfolios'expected and average returns of all …rms in the top 20% IK in year t 1 (the second row) and of each of the 10 portfolios and the expected and average returns of the low investment portfolio, respectively.
The …nal column shows the fcartion of the fall in average returns that is attributed to a fall in expected returns, as implied by the risk factor loadings. When looking at the portfolio of all of the …rms in the top 20% IK (the third row), the fraction of the decline in average returns accounted for by a decline in expected returns implied by the risk factor loadings is 53%. When portfolios are sorted by growth opportunities, with the exception of the third decile, that fraction is generally increasing in q. For the lowest q decile this fraction is only 7%. As q increases that fraction is rising and for the top q decile portfolio it is 66%.
As a robustness check we employ asset growth as a measure of capital growth . Panel B
of Table 2 presents the results. The results are even more striking than in Panel A. For the portfolio of all top 20% asset growth …rms only 27% of the di¤erence in average returns between that portfolio and the portfolio of the lowest asset growth …rms can be explained by a di¤erence in expected returns. For the low q portfolio, this fraction is -53%. That is, the expected return of the lowest q portfolio is higher than the expected return on the portfolio of low asset growth …rms whereas its average returns are lower. The fraction of the fall in average returns is monotonically increasing with q, reaching 82% for the top q portfolio.
Overall the results in Table 2 are very consistent with the predictions of real options and the q-theory of investment: the average returns spread between …rms exercising valuable growth options and low investment …rms is largely accounted for by a spread in expected returns. This evidence is consistent with the conjecture that behavioral biases do not account for the entire negative investment-future returns relationship. The rational-based explanations explain the stock market reaction to high q …rms that account for the bulk of the market capitalization and real investment. Thus, our results are economically important.
Risk Dynamics and Investment
We now examine the dynamics of systematic risk around periods of high and low investment. We report results from a regression of the returns on a portfolio that includes …rms that are in the 20% highest percentile of IK on the three Fama and French (1993) factors and the momentum factor. The upper part of panel A of Table 3 reports the factor loadings in the pre and post high investment periods along with the di¤erence in the loadings, for equally weighted portfolios. The …nal column reports the implied expected excess returns in the pre and post high investment periods and the di¤erence between the two. The pre-high investment loadings are the loadings of a portfolio of all …rms that will undertake large investment in the subsequent year. That is, in each year t 1 the pre-high investment portfolio return is the equally-weighted average return of all …rms that will undertale large investment (i.e. in the 20% highest percentiles of IK) in year t. Similarly, the post-spike portfolio consists of all …rms in yeart + 1 who have undertaken high investment in year t.
Before the high investment the loadings on the market, smb and hml factors are positive and statistically signi…cant. The loading on the wml factor is very small and statistically in-signi…cant. The calculated expected excess return is 10.79% per annum. The adjusted R 2 ; R 2 is 0.88 suggesting the four factors capture the vast majority of time series variation in the portfolio returns of high investing …rms.
The next row of panel A reports the results using the post-high investment returns. In this case the portfolio's loading with respect to the hml is not statistically signi…cant. The wml loading is negative and highly signi…cant. The expected excess return is 6.71% per annum. The …nal row of panel A reports the di¤erence between the factor loadings and expected returns in pre-and post high investment periods. There is a very small increase in the market beta.
However, there is a sizeable fall in the loadings with respect to the smb and hml factor loading of 0.117 and 0.136, respectively, and a sharp fall in the wml factor loading of 0.275. Taking the changes in factor loadings into account, the expected excess return falls by 4.08 percentage points per annum. The sharp drop in expected returns is consistent with the rational-based explanations for the negative investment-future returns relationship. Speci…cally, this …nding is consistent with the predictions of both real options models as well as explanations suggesting that dicount rate shocks trigger investment and reduce expected stock returns (as the q-theory predicts). Importantly, the drop in …rms'loadings with respect to the hml factor do not occur due to change in …rm characteristics. As seen in Panel A of Table 1 , the pre-high investment and post-high investment book-to-market ratio of high investment …rms are practically identical.
Hence, the decline in the loading on hml is a consequence of real investment and is not merely a re ‡ection of changes in …rm characteristics.
It is known that average returns fall for all winner stocks in the two years after portfolio formation. To ensure that this is not the driving force behind the fall in the momentum factor loadings we …nd in Panel A of Table 3 , in Table 4 we examine the changes in the wml loadings for winner stocks that do not undertake large investment and compare those changes to the variation in the wml loadings for high investment …rms. The test is designed as folllows: we …rst choose, somewhat arbitrarily, a percentile level. We then choose all …rms with past 12 months returns above that percentile. 5 We choose a subset of those …rms with IK in the top 20% in year t and examine the change in their wml loadings from year t 1 and year t + 1. We compare this group of …rms to a second group of …rms with past 12 months returns above the chosen percentile level, that have roughly the same average monthly returns in years t 1 and t as the …rst group but whose investment is in the bottom 20% of IK in year t.
The …rst row of Table 4 shows that based on the highest percentile of past 12 months returns, the average monthly returns in years t-1 and t of the high investment …rms is 10.97% (and of low investors in the same percentile is 10.99%). For the low investment …rms the wml loadings fall by 0.296 following investment, whereas the fall in the momentum factor loadings for the high investment …rms is approximately 3 times larger, at 0.884. Recalling that the group of high investment …rms and the group of low investment …rms had the same average returns in years t-1 and t, we thus show that the fall in the loadings with respect to wml is substantially increasing with investment. This result is important since it demonstrates that the fall in the momentum factor loadings largely depends on investment. The following rows of Table 4 show 5 More precisely, we look at returns from month t 12 to montht 1, as in Fama and French (1996) . similar patterns for di¤erent levels of average returns and past return percentiles.
The estimates of the expected returns in the pre and post spike portfolios indicate that the negative investment-return relationship is driven by a reduction in systematic risk as captured by the hml and wml factors. The lower part of panel A reports results using value weighted portfolios and …nds very similar results. The expected excess returns of the value weighted portfolio falls by 4.19 percentage points following investment. For the value-weighted portfolio the decline in the loadings with respect to smb and hml is larger than for equally-weighted portfolios, and consequently expected returns fall more after investment for the value-weighted portfolio.
We report the estimated factor loadings and expected returns for the portfolio of …rms with the lowest 20% investment spike in panel B of Table 3 . This group should act as a control on the results in panel A since we would not expect the factor loadings for this set of stocks to fall.
In fact, if these …rms have growth opportunities, then not investing may lead to an increase in risk and expected returns if those growth options increase in value between the pre and post investment periods. Alternatively, many …rms in this group are actually disinvesting. Thus, they are exercising a put option, implying that their risk should increase from year t 1 to year t + 1. Considering the upper part of the panel which reports results for equally weighted returns, the market beta has a very slight fall and the remaining three factor loadings increase substantially. Taken together these changes lead to an increase in expected excess return of 3.00
percentage points per year between pre and post spike. This is a substantial increase consistent with real options and the q theories. On the other hand, a behavioral explanation would suggest no change in loadings when …rms do not invest. The lower part of panel B con…rms these …ndings using value weighted returns for which expected returns per year rise by 3.86 percentage points.
An implication of the real options based model that has been unexplored in the literature is that if investment is not fully irreversible then …rms that disinvest should experience an increase in expected return because they are holding a put option. Recall from the earlier discussion that the put option lowers pre-disinvestment expected returns since a negative shock makes the put option more valuable. When the put option is exercised it helps to o¤set the impact of the negative shock on cash ‡ows. We investigate this in Table 5 by looking at …rms that have negative net investment, that is, they disinvest, and have IK in the bottom 20% of all disinvesting …rms.
The expected excess returns of equally weighted portfolios falls by 3.71 percentage points, a sharper fall than the fall for all …rms in the bottom 20% IK (3.00 percentage points). Value weighted portfolios of negative net investment and low IK …rms experience a sharp drop of 6.60
percentage points in expected returns following low investment, which is substantially larger than the 3.86 percentage points for all low investment …rms. This result suggests that the increase in expected returns following low investment periods is largely driven by disinvesting …rms exercising their real put options. Table 6 attempts to shed further light on the economics behind the negative investment-return relationship by examining the change in factor loadings around investment spikes for high and low q …rms, which are de…ned as the …rms in the 20% highest value of q and the 20% lowest value of q. The intuition here is that …rms with a high investment spike and a high q should have a larger change in their factor loadings since these …rms have the most valuable (and risky) growth opportunities. Exercising these valuable growth options should lead to a sharp fall in systematic risk.
Risk Dynamics and Growth Options
The …rms with a high investment spike and a low q should have a smaller change in factor loadings since they have lower value of growth options. Panel A of Table 4 reports the analysis for high investment spike and high q …rms. In this case we also see substantial falls in the loadings on the hml and especially the wml factors. Compared to the results in Table 2 that do not distinguish between the level of q; we …nd a larger fall in the expected excess return for high q …rms. The fall is 6.75 percentage points per annum for equally weighted returns which is more than 50% larger than the fall in expected returns when just looking at the …rms with the 20% largest spikes using all …rms irrespective of their q (4.08 percentage points). Rather similar results for value weighted returns are recorded in the bottom part of panel A.
The results using high spike and low q …rms reported in panel B shows an increase, rather than a decline, in expected returns following investment. The expected returns on equallyweighted portfolios rises by 1.04 percentage points, which is result of an increase of the loading on the momentum factor. When considering the value weighted portfolio returns we …nd similar results. Therefore, the …ndings that high q …rms have a much greater fall in the expected excess return than all …rms with a large investment spike lends further support to a rational explanation for the negative investment-return relationship, based on investment exercising risk growth options. Furthermore, the observation that high investment spike …rms with a low q have basically no change in expected returns reinforces the rational expectations explanation of the investment future return relationship. Note that the high q …rms in panel A have a lower expected return both pre and post spike when compared to the low q …rms. This makes sense within the q-theoretic framework and adds support to the notion that the four factor model is highly correlated with economic fundamentals as given by the q-theoretic framework.
Investment Irreversibility and Operating Leverage
In this part of the paper we ask whether the observed patterns in investment and future returns are robust to the extent that a …rm faces irreversibility in its investments and the extent of the …rm's operating leverage. We would expect that the relationship between investment and future returns should be di¤erent given di¤erences in irreversibility and operating leverage. Therefore, this part of the analysis presents further evidence trying to tie the investment future returns relationship to a risk based or a behavioral based explanation.
Real options models assume that investment is irreversible, at least partially. In light of this we construct a measure for the degree of investment irreversibility. We use the average volatility of the sales to capital ratio of all …rms within an industry as a measure for the degree of irreversibility of investment these …rms are facing. This measure is similar to the one used by Cooper, Gerard and Wu (2007) who use the volatility of capacity utilization as a measure for the degree of investment irreversibility. 6 The rationale in using the volatility of the sales to capital ratio as a measure for the degree of investment irreversibility is that in the absence of irreversibility (and adjustment costs) of investment …rms will continuously adjust their capital stock in response to shocks, and their sales to capital ratio will be relatively smooth. Therefore, the real options models predict that the higher the degree of irreversibility the more risk the …rm faces and the expected returns should drop substantially more. Table 7 reports the results for …rms with high investment spikes, but vary according to the extent of investment irreversibility. Panel A shows that for …rms with a high degree of irreversibility factor loadings on hml and wml both fall by amounts larger than the fall for all …rms as reported in table 3. The expected return falls by 5.80 percentage points per annum in the post-spike period as compared to the pre-spike period, almost 50% larger than the fall in expected returns for all …rms following investment spikes. In Panel B we repeat the analysis using …rms with a low level of investment irreversibility and …nd that the fall in factor loadings are smaller and the corresponding fall in expected returns is 4.23% per annum. Therefore, it appears that the patterns in expected returns and factor loadings pre and post-spike for …rms with high spikes, but di¤erent levels of investment irreversibility, are consistent with a rational based explanation. The behavioral models are silent about di¤erences in expected returns given di¤erent levels of investment irreversibility. That is, if the investment future return relationship is due to irrational overreaction to investment it should be the same for all …rms if they have high investment irrespective of the degree of irreversibility they face.
It is possible to check further the risk based explanation for the investment future return relationship by examining the extent of a …rm's operating leverage a¤ects risk dynamics around investment periods. We measure a …rm's operating leverage as the ratio of …xed production costs (measured as the constant in a regression of costs of goods sold on sales) to its average total production costs. As operating leverage declines, risk and expected returns drop by more following investment. This result can be explained as follows. If …xed production costs are high, so is operating leverage. If these costs are proportional to the stock of capital (e.g. due to necessary maintenance costs) then capital investment leads to an increase in operating leverage, which increases the …rm's riskiness and o¤sets the reduction in risk brought about by the exercise of the risky growth options. Consequently, we would expect that …rms with high investment and low operating leverage should experience a larger fall in expected returns than …rms with high investment and high operating leverage.
In Given that behavioral stories regarding the negative relationship between a …rm's investment and future returns would predict the same pattern in returns irrespective of irreversibility and operating leverage, our …ndings that the di¤erence in factor loadings and expected returns and their changes around high investment spikes make sense according to how irreversible investment is and the extent of the …rms operating leverage provides additional evidence that the relationship between investment and future returns is rational.
Long Run Dynamics
The analysis so far has examined the dynamics of factor loadings one year before and one year after an investment spike. The reason for this is that if …rms are exercising growth options when they invest then the stock market should not delay its reaction to the investment. To allow for the possibility of a delayed reaction in the factor loadings and expected returns due to time to build or the reliance on generating internal …nance, we assess the long run dynamics of factor loadings on the four factor model around investment spikes by examining the factor loadings and expected returns using four years before and four years after the investment spike. Table 9 reports the results from the long run impact of investment spikes on factor loadings.
In the interests of brevity the table reports only the expected return calculations. Panel A presents the results using the four factor model for …rms with an high investment spike and high q: There is no increase in expected return but a small fall of 0.32% per annum between years t 4 and t 1: In year t the expected return falls by 1.30% per annum relative to t 1 thus there is an immediate impact of the investment spike on the expected return brought about by a fall in the hml factor loading.
At time t + 1 there is a further fall in expected return of 3.35 percentage which is the result of a decline in the loading on the wml factor. In time t + 2 there is a small increase in expected return of around 0.5% mainly as a result of the increase in the loading on the hml factor. In the last two years the expected returns increase slightly and then fall slightly, but remain much lower than the pre-spike expected return.
The patterns in expected returns are consistent with an immediate impact on expected returns which is consistent with exercising a growth option. There is some evidence of a further fall in the year t + 1 following the investment spike which could be consistent with time to build arguments. However, unlike Carlson, Fisher and Giammarino (2006) who …nd a gradual decline three years after the SEO, we …nd a sharp fall in years t and t + 1 followed in years t + 2 and t + 4
by a slight increase in expected returns. Therefore, in our analysis of investment spikes time to build, investment commitment and internal …nancing issues does not seem to be too important for the investment-return relationship after period t + 1:
Although we do not report the results in the table, long run risk dynamics of …rms with a high investment spike but a low q are such that there is an increase in expected return between t 3 and t 1 of around 1.5%. This drops in year t when the investment takes place by around 0.8% and then slowly increases by just over 1% by period t + 3: Thus, for …rms with low investment opportunities there is run up in expected returns before investment a small fall in expected return around the investment period and then an increase in expected return after investment. The overall increase in expected returns post-investment is greater than the overall fall in expected returns in the pre-investment period.
The patterns that we observe in factor loadings are broadly consistent with those in Carlson, solely at the market beta by examining long run risk dynamics around investment spikes using an alternative factor models that include just the market portfolio.
Panel B of table 8 presents longer run beta dynamics that look at the betas of high investment, high q …rms four years before and four years after an investment spike. We report the expected returns which indicate that there is very little movement in the beta throughout the pre-investment period, the expected return increase by about 0.5% between t 4 and t 1. In the year of the spike expected returns rise by just over 0.5%, in sharp contrast to the falls in expected returns calculated using the four factor model. By period t + 2 the beta has fallen but only very slightly, falling between t + 1 and t + 3 such that expected returns fall by about 1%. Another fall in expected returns of 0.2% is recorded between t 3 and t 4: Overall, using the market beta there is very little variation in expected returns around the investment period, although after 4 years the expected return has fallen from 7.39% in the year before the investment to 6.68% In light of these …ndings regarding the long run dynamics it appears that
Carlson, Fisher and Giammarino (2006) results of a negative relationship between investment and beta is particular to SEO …rms and cannot be generalized to all …rms in general.
Investment and Conditional Risk Factor Loadings of Industry Portfolios
Having shown that the loadings with respect to the risk factor decline for …rms undertaking high investment, we now examine whether IK can explain time variation in the systematuc risk of industry porfolios. We follow Lewellen (1999) and employ the conditional asset pricing methodology of Shanken (1990), which allows both expected returns and factor loadings to vary over time with IK.
We form 35 industry portfolios using monthly return data from January 1963 through December 2005. We form the industry portfolios based on two-digit SIC codes as reported by CRSP. We equally weight the industry portfolios. To ensure that the explanatory power of IK is predictive, we do not assume that capital expenditure data is known before …ve months after the end of the …sscal year. The time-series regressions use excess returns, calculated as returns minus the one-month T-bill rate. We test the ability of IK to explain time-variation in industries'risk factor loadings through running the following regression equation
where r p;t is the excess return on industry portfolio p; rm t is the excess return on the aggregate stock market portfolio, smb t is the return on a portfolio that is the di¤erence between the returns in small and large stocks, hml t is the return on a portfolio of high minus low bookto-market stocks, wml t is a portfolio of winner minus loser stocks, and u p;t is an error term.
IK P;t 1 is the average investment to capital ratio of all …rms in the industry less the average of that industry's time series IK. That is, we are using the demeaned industry IK.
The coe¢ cients of interest in equation (2) Overall, the results in Table 10 constitute strong support to the notion that investment a¤ects industries' systematic risk as the real options models and the q-theory predict. In contrast, behavioral models do not predict any e¤ect of investment on systematic risk.
Robustness Tests
In this section of the paper we undertake a number of robustness exercises related to measuring investment and investment opportunities. First, we consider the sensitivity of the results to how the investment is measured. In the data section of the paper we outlined three methods of measuring investment spikes. We now consider the two alternative methods, SP K and AG:
Panel A of Table 11 reports the results for all …rms with a high investment spike as measured by SP K: Similar to the results in Table 2 using IK; we …nd that there is a substantial reduction in the expected return in the post spike period of 6.05 percentage points per annum. The expected return of value weighted portfolios also falls sharply following high investment spikes, by 5.64 percentage points. Panel B of Table 11 also provides results that are consistent with the results using IK for the …rms that have a low investment spike. For equally weighted portfolio there is a small decline in average returns of 72 basis points, whereas the expected return of value weighted portfolios increases by 103 basis points following periods of low SP K.
In Table 10 we consider the third measure of the investment spike which is given as the ratio of investment to capital, When we have examined the risk dynamics of …rms with di¤erent investment opportunities we have used q as a means of measuring investment opportunities. A potential problem with q is that it includes the stock market price which may be over, or under valued. In order to ensure that the results are robust to the way that we proxy investment opportunities we consider an alternative measure that is the growth in sales. In Table 11 we split …rms into high and low investment spikes using the GK measure of investment and then split the …rms according to their sales growth. We report results only for high investment …rms that have high and low sales growth. The patterns in factor loadings around investment spikes are consistent with the results found using q as a proxy for investment opportunities. There is a substantial decline in expected returns for …rms with large investments with high sales growth (-4.22% per annum) and a much more modest decline in expected returns for …rms with high investment but low sales growth (-1.21% per annum).
The …nal robustness check that we consider is the role of the momentum factor. Whilst we have argued that recent research indicates that momentum is a source of fundamental risk in the economy, we want to ensure that momentum is picking up such fundamental risk. The concern we have is that it is well known that the loadings on momentum reverses in the years after portfolio formation. We would like to examine whether the fall in the loadings with respect to the momentum factor is stronger for spike …rms than it is for winners who do not experience an investment spike.
For that purpose we construct an equally weighted portfolio that each month t consists of the …rms that will be among the top 11 months winners 6 months from now and have a low investment spike. This is our control portfolio. We construct a second portfolio that includes all 11 months winners 6 months from time t that also experience an investment spike and that have good growth opportunities (high q) in the following …scal year. We ensure that the average monthly returns on these two portfolios are equal so that the loadings on the momentum factor will not be merely a re ‡ection of the fact that one portfolio has a higher average returns than the other.
We follow this portfolio for 24 months and document dynamics of the momentum factor loadings. Table 12 reports the results where each row in the table provides analysis of momentum factor loadings for di¤erence levels of returns, that is, the di¤er in the extent to which the …rms are winners. For the …rms that have a high investment spike the di¤erence in the pre and post momentum factor loadings range from -0.884 for the …rms in the highest winner portfolio to the -0.494 for the …rms in the lowest winner portfolio. For the …rms with a low investment spike the di¤erent between the pre and post momentum factor loading is -0.296 for the highest winners and it falls to -0.223 for the lowest winners. It is clear that the fall in the momentum factor loading is always more than double for high investment spike …rms than low investment spike …rms, even though they are the same in terms of the extent to which they are winners. Overall we conclude that the dynamics of the loadings with respect to the momentum factor depend crucially on …rms'real investment.
Conclusion
In this paper we document that the negative investment future returns relationship stems primarily from a sharp reduction in a …rm's systematic risk. Our methodology of examining risk dynamics allows us to distinguish between several explanations for this relationship. Similarly we …nd that the systematic risk of disinvesting …rms increases substantially as real options models predict. We also …nd that the decline in average returns following investment occurs only for high Tobin's Q …rms. These …rms exercise valuable (and risky) growth opportunities. Thus the decline in average returns is more likely the consequence of exercising growth options than the slow reaction of stock prices to overinvesting managers. We also …nd that risk dynamics and average return dynamics are more pronounced within …rms with more irreversible investment and lower operating leverage. Overall our results lend strong support for real options explanations for the investment future return relationship.
Table 1 Summary Statistics for Portfolio Returns
Panel A describes summary statistics one year before and one year after portfolio formation for high and low investing …rms. The column Avg. ret is the average monthly stock returns in year t-1 or year t+1 (where t is the high investment or low investment year). Std. ret is the standard deviation of monthly returns. MV is market capitalization in millions of USD, where market capitalization for each month in year t is the stock price at the end of that month multiplied by the number of shares outstanding at the end of the month. BM of year t is as de…ned in Fama and French (1992) . Panel B describes summary statistics one year before and one year after portfolio formation for high investing …rms that have invested in year t when their Tobin's q was in the top 20% of all …rms in year t-1 and separately for …rms for whose this value is in the bottom 20% . Financial leverage is de…ned as the ratio of the book value of debt (COMPUSTAT item 6 less item 60) to the sum of the book value of debt and market value of equity. The sample period is January 1963 This table reports Asset growth is the growth rate of COMPUSTAT item 6 (net assets). In both panels results are reported using equally weighted portfolios. The sample period is January Table 3 Risk is larger than all IK0s in year t. In panel B a …rm is included in the portfolio if during year t if its IK is in the bottom 20% of all IK0s in that year. erm is the excess return on the market portfolio, smb is the return on a portfolio that is long small stock and short large stocks, hml is the return on a portfolio of stocks that is long high book to market stocks and short low book to market stocks, wml is the return on a portfolio that is long past winners and short past losers. R 2 is the adjusted R 2 ; and E(r r f ) is the expected excess return. In both panels results are reported using equally and value weighted portfolios. The sample period is January Table 4 Momentum Loadings of Winners Table 5 Risk have negative investment. erm is the excess return on the market portfolio, smb is the return on a portfolio that is long small stock and short large stocks, hml is the return on a portfolio of stocks that is long high book to market stocks and short low book to market stocks, wml is the return on a portfolio that is long past winners and short past losers. R 2 is the adjusted R 2 ; and E(r r f ) is the expected excess return.
In both panels results are reported using equally and value weighted portfolios. The sample period is January 1963 through December 2005. Table 6 Risk erm is the excess return on the market portfolio, smb is the return on a portfolio that is long small stock and short large stocks, hml is the return on a portfolio of stocks that is long high book to market stocks and short low book to market stocks, wml is the return on a portfolio that is long past winners and short past losers. Table 7 Risk Dynamics by the degree of irreversibility This table reports erm is the excess return on the market portfolio, smb is the return on a portfolio that is long small stock and short large stocks, hml is the return on a portfolio of stocks that is long high book to market stocks and short low book to market stocks, wml is the return on a portfolio that is long past winners and short past losers. R Table 8 Risk the bottom 20% of all GK's in the same 2-digit industry that year. erm is the excess return on the market portfolio, smb is the return on a portfolio that is long small stock and short large stocks, hml is the return on a portfolio of stocks that is long high book to market stocks and short low book to market stocks, wml is the return on a portfolio that is long past winners and short past losers. R 2 is the adjusted R 2 ;
and E(r) is the expected excess return. In both panels results are reported using equally weighted portfolios. This table reports is included in the portfolio if during year t if its SP K is in the bottom 20% of all SP K's in the same 2-digit industry that year. erm is the excess return on the market portfolio, smb is the return on a portfolio that is long small stock and short large stocks, hml is the return on a portfolio of stocks that is long high book to market stocks and short low book to market stocks, wml is the return on a portfolio that is long past winners and short past losers. R 2 is the adjusted R 2 ; and E(r) is the expected excess return. In both panels results are reported using equally weighted portfolios. The sample period is January 1963 through December 2005. of …rms who will invest one year from now (Pre-spike row) on a four factor model of stock returns. Results from regressing the monthly excess returns of a portfolio of …rms who invested one year ago (Post-spike row) on a four factor model of stock returns are also presented. The row Post Minus Pre reports the di¤erent in factor loadings and expected returns in the post and pre spike years.
In panel A, the portfolio contains the quintile of …rms who have an investment spike in year t if their GK are larger than all GK's in the same 2-digit industry.
In panel B a …rm is included in the portfolio if during year t if its GK is in the bottom 20% of all GK's in the same 2-digit industry that year.
erm is the excess return on the market portfolio, smb is the return on a portfolio that is long small stock and short large stocks, hml is the return on a portfolio of stocks that is long high book to market stocks and short low book to market stocks, wml is the return on a portfolio that is long past winners and short past losers. R 2 is the adjusted R 2 ; and E(r) is the expected excess return. In both panels results are reported using equally and value weighted portfolios. The sample period is January 
